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(54) ULTRASONIC WASHER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform uniform and sure 
washing by inputting ultrasonic waves from ultrasonic 
vibrator transducers to a lot of materials to be washed 
arranged side by side in a washing tank at an inclined 
angle 0 at which permeability is about 100%. 
SOLUTION: Ultrasonic vibrator transducers 1 are 
arranged in an array on the side face of a washing tank 4, 
spaced P (P = A/sinG, where A = ultrasonic wave length, 
and 0 = inclined angle at about 100% permeability) apart 
to make ultrasonic vibration elastic waves of an inclined 
angle 0 incident on materials to be washed 5 in the 
washing tank 4. In this way, a lot of the materials to be 
washed are all washed almost uniformly and surely. 
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CLAIMS 

[Claim(s)] 

[Claim 1]An ultrasonic vibration body which generates supersonic vibration of the wavelength 
lambda in a cleaning tank in which a tabular washed object and a penetrant remover are 
accommodated is arranged, A propagating direction of said supersonic vibration which spreads 
inside of said penetrant remover intersects said washed object aslant, And in an ultrasonic 
cleaner constituted so that transmissivity of vibrational energy of said supersonic vibration with 
which the angle of inclination theta to a normal line direction of a wave receiving surface of this 
washed object penetrates this washed object might become an angle range improved 
remarkably, An ultrasonic cleaner, wherein said ultrasonic vibration body consists of an 
aggregate of a vibrator arranged at intervals of P which is arranged at said washed object and 
parallel, and fills the following expressions of relations. 

P=lambda/sintheta [Claim 2]An ultrasonic vibration body which generates supersonic vibration 
of the wavelength lambda in a cleaning tank in which a tabular washed object and a penetrant 
remover are accommodated is arranged, A propagating direction of said supersonic vibration 
which spreads inside of said penetrant remover intersects said washed object aslant, And in an 
ultrasonic cleaner constituted so that transmissivity of vibrational energy of said supersonic 
vibration with which the angle of inclination theta to a normal line direction of a wave receiving 
surface of this washed object penetrates this washed object might become an angle range 
improved remarkably, An ultrasonic cleaner, wherein said ultrasonic vibration body consists of 
an aggregate of a vibrator arranged at intervals of P which is arranged at said washed object 
and parallel, and fills the following expressions of relations. 

P<=lambda/sintheta [Claim 3]The ultrasonic cleaner according to claim 2, wherein a phase 
conversion circuit for ultrasonic wave generations which adjusts a phase of a driving signal 
inputted into each vibrator between said each vibrator arranged at intervals of P and a signal 
supply source which supplies a driving signal to these is interposed. 

[Claim 4]Have the following and this oscillation element excites an elastic leaky wave along with 
said diaphragm with the phase velocity v which fills the following expressions of relations, . It is 
characterized by this impressing supersonic vibration to said washed object with said desired 
angle of inclination theta. An ultrasonic vibration body which generates supersonic vibration in a 
cleaning tank in which a tabular washed object and a penetrant remover are accommodated is 
arranged, A propagating direction of said supersonic vibration which spreads inside of said 
penetrant remover at the acoustic velocity V intersects said washed object aslant, And an 
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ultrasonic cleaner constituted so that transmissivity of vibrational energy of said supersonic 
vibration with which the angle of inclination theta to a normal line direction of a wave receiving 
surface of said washed object penetrates said washed object might become an angle range 
improved remarkably. 

A diaphragm by which said ultrasonic vibration body has been arranged at said washed object 
and parallel. 

An oscillation element more than a piece attached to this. 

v=V/sintheta [Claim 5]The ultrasonic cleaner according to claim 4, wherein said diaphragm is 
arranged in said cleaning tank and said washed object is arranged on both sides of said 
diaphragm. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the ultrasonic cleaner which washes by 

irradiating the washed object in a solution with a powerful ultrasonic wave. 

[0002] 

[Description of the Prior Art]The thing of a stream type is one of those which are generally called 
an ultrasonic cleaner as some which are depended on those with two kind, and a cavitation. The 
former removes the filth of the surface of a washed object, etc. using the powerful shock wave 
produced by disappearing the moment there is a minute vacuum bubble by which it is generated 
when making a powerful ultrasonic wave spread in a penetrant remover. Since a cavitation does 
not happen easily in high frequency, this cleaning method is performed by a low frequency wave 
of at most hundreds of kHz or less. On the other hand, the stream which flows down the 
ultrasonic wave of the frequency more than comparatively high IMHz to a washed object in the 
shape of a waterfall is made to spread the thing of the latter stream type, it impresses ultrasonic 
energy on the surface of a washed object, and carries out washing removal of the dirt. In order 
that this method may not impress big power to a washed object like washing by the 
aforementioned cavitation, there are few damages to a washed object, and it is comparatively 
detailed, for example, suitable for washing of the processed goods of micrometer order, for 
example, a semiconductor wafer etc. 
[0003] 

[Problem(s) to be Solved by the lnvention]Although washing of a washed object is possible with 
the above mentioned ultrasonic cleaner, in accommodating many washed objects in a cleaning 
tank and washing them simultaneously, there are the following problems. Drawing 9 is 
accommodated in the cleaning tank 4a in the state where two or more tabular washed objects 5 
were made to juxtapose via an interval suitably, intersects perpendicularly with the cleaning 
surface (wave receiving surface) 8 of the washed object 5, and arranges the ultrasonic 
oscillation object 9. In this case, the supersonic vibration which meets the wave receiving 
surface 8 from the ultrasonic oscillation object 9 occurs like an arrow, and both sides of the 
wave receiving surface 8 are washed simultaneously. However, although washed, supersonic 
vibration decreases the wave receiving surface 8 of the washed object 5 which is close to the 
ultrasonic oscillation object 9 in ** et al. and this case as it is left, and it cannot impress sufficient 
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vibrational energy to the washed object 5, but causes the result it becomes insufficient washing. 
This attenuation nature is strong as frequency becomes high. 

[0004]On the other hand, as shown in drawing 1 0 , the ultrasonic oscillation object 9 is arranged 
on the side of the cleaning tank 4a, in washing the washed object 5 arranged on this and 
parallel, supersonic vibration hits the washed object 5 right-angled, and an impression portion is 
washed powerfully. However, the ultrasonic wave which entered right-angled is reflected by ** et 
al. and the washed object 5 in the wave receiving surface 8, and the vibrational energy of the 
supersonic vibration which penetrates the washed object 5 decreases sharply. Therefore, there 
is a problem it becomes insufficient [ the washed object 5 arranged by approaching the 
ultrasonic oscillation object 9 ] washing of the substrate which separated although fully washed. 
[0005]The washing station which has improved the propagation efficiency of supersonic 
vibration is proposed, for example, it is indicated by JP,4-87675,A. Hereafter, it explains briefly. 
Drawing 7 is a diagram showing a relation with the transmissivity [%] of the ultrasonic vibration 
energy which penetrates the washed object 5 on a horizontal axis with angle-of-inclination [ of 
the incidence direction of supersonic vibration ] theta (degree) to the normal line direction of the 
wave receiving surface 8 of the washed object 5. Like a graphic display, transmissivity becomes 
extremely large in an angle range with the value of theta. That is, in a graphic display, the peak 
value of the transmissivity 100 [ about ] [%] has theta in the range of about 20 [**] to 30 [**]. 
Therefore, if supersonic vibration is impressed to the washed object 5 with the angle of 
inclination theta of this range, the vibrational energy of supersonic vibration will be impressed to 
all the washed objects 5 currently installed side by side one by one without decreasing, and 
sufficient washing will be performed. This specific angle of inclination theta is called for as 
functions, such as board thickness of the washed object 5, construction material, frequency of 
the entering supersonic vibration, a washed object, an elastic constant of a penetrant remover. 
[0006]Only the angle theta inclines the one side face of the cleaning tank 4b, and drawin g 8 
fixes the ultrasonic oscillation object 9 to an inclined part. Two or more washed objects 5 are 
juxtaposed in the cleaning tank 4b. Since the transmissivity of the ultrasonic vibration energy to 
the washed object 5 becomes large by setting said angle of inclination theta as theta of the peak 
angle range shown in drawing 7, sufficient vibrational energy is impressed from the ultrasonic 
oscillation object 9 to each of the washed object 5 whose number is [ two or more ], and certain 
and sufficient washing is performed. However, there are ** et al. and the problems following in 
this case. That is, in a figure, since [ which is the washed object 5 ] it becomes large as it goes 
caudad, the impression degree of vibrational energy to the washed object 5 reduces the interval 
between the washed object 5 and the ultrasonic oscillation object 9, and there is a problem that 
the wave receiving surface 8 is no longer washed uniformly, moreover — if the size of the 
washed object 5 becomes long, it is necessary to extend the ultrasonic oscillation object 9 along 
with it - and both interval - **** - there is a problem which becomes large. The angle theta is 
set up fixed as an angle of inclination of the one side face of the cleaning tank 4b, if it differs in 
board thickness, construction material, etc. of the washed object 5, it needs to change the 
shape of the cleaning tank 4b itself in connection with it, is very complicated and also requires 
facility cost. 

[0007]lt is originated in view of the above situation, and this invention is a thing. 
The purpose is alike, and can certainly and fully wash several Oshi's washed object 
simultaneously more, and ultrasonic cleaning with a frequency of not less than several MHz is 
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possible for it, and it is providing the ultrasonic cleaner using the vibrational energy which fully 
washes a large-sized wafer, a glass substrate, etc. where facility cost does not start 
comparatively. 

[0008] 

[Means for Solving the Problem]ln order that this invention may attain the above purpose, an 
ultrasonic vibration body which generates supersonic vibration of the wavelength lambda in a 
cleaning tank in which a tabular washed object and a penetrant remover are accommodated is 
arranged, A propagating direction of said supersonic vibration which spreads inside of said 
penetrant remover intersects said washed object aslant, And in an ultrasonic cleaner constituted 
so that transmissivity of vibrational energy of said supersonic vibration with which the angle of 
inclination theta to a normal line direction of a wave receiving surface of this washed object 
penetrates this washed object might become an angle range improved remarkably, Said 
ultrasonic vibration body constitutes an ultrasonic cleaner which consists of an aggregate of a 
vibrator with which it is arranged at said washed object and parallel, and is satisfied of a formula 
of P=lambda/sin theta, or P<=lambda/sin theta, and which was arranged at intervals of P. 
Between said each vibrator arranged at intervals of P, and a signal supply source which 
supplies a driving signal to these, it is characterized by an ultrasonic cleaner with which a phase 
conversion circuit for ultrasonic wave generations which adjusts a phase of a driving signal 
inputted into each vibrator is interposed. An ultrasonic vibration body which generates 
supersonic vibration in a cleaning tank in which a tabular washed object and a penetrant 
remover are accommodated is arranged, A propagating direction of said supersonic vibration 
which spreads inside of said penetrant remover at the acoustic velocity V intersects said 
washed object aslant, And in an ultrasonic cleaner constituted so that transmissivity of 
vibrational energy of said supersonic vibration with which the angle of inclination theta to a 
normal line direction of a wave receiving surface of said washed object penetrates said washed 
object might become an angle range improved remarkably, Said ultrasonic vibration body 
consists of said washed object, a diaphragm arranged at parallel, and an oscillation element 
more than a piece attached to this, This oscillation element excites an elastic leaky wave along 
with said diaphragm with the phase velocity v which fills a formula of v=V/sintheta, and, thereby, 
adds supersonic vibration to said washed object with said desired angle of inclination theta. 
Said diaphragm is arranged in said cleaning tank, and said washed object is arranged on both 
sides of said diaphragm. 

[0009]According to the first side of this invention, an ultrasonic vibration body which generates 
supersonic vibration of the wavelength lambda in a cleaning tank uses an array which arranged 
two or more vibrators at intervals of P. By [ which are asked from a formula of P=lambda/sin 
theta based on the total penetration angle theta which shows a peak of transmissivity ] putting 
each vibrator in order at intervals of P, From an ultrasonic vibration body as aggregates, such 
as this, an elastic wave of supersonic vibration of the angle theta can be impressed to a normal 
line direction of a wave receiving surface of a washed object with a Snell's law. While this elastic 
wave advances inside of a cleaning tank with the angle of inclination theta, since the ultrasonic 
vibration body itself can be arranged in parallel to a washed object, even if a size of a washed 
object becomes long, an interval of supersonic vibration and a washed object becomes fixed. 
What is necessary is just to make an arrangement change of the ultrasonic vibration body at 
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intervals of [ which was searched for by P=lambda/sin theta based on the total penetration 
angle theta corresponding to it etc. ] P, when board thickness, construction material, etc. of a 
washed object change. If an interval of a vibration element of an array is formed small and a 
phase of an electrical signal for an oscillation impressed to each ultrasonic vibrator is relatively 
adjusted as shown in P<=lambda/sin theta, a cleaning body can be irradiated with ultrasonic 
energy with sufficient accuracy for arbitrary angles. By providing a diaphragm and an oscillation 
element attached to this in an inside or paries lateralis orbitae of a cleaning tank instead of the 
aforementioned ultrasonic vibration body array according to the second side of this invention, A 
leaky wave of the phase velocity v called for by v=V/sintheta is excited, and since supersonic 
vibration impressed to a washed object at the angle theta from this leaky wave occurs, certain 
and sufficient washing is performed like a thing using the aforementioned vibrator array. In this 
case, if an oscillating condition of an oscillation element is changed so that the phase velocity v 
may be changed with change of the angle theta according to board thickness and construction 
material of a washed object, it can respond to ultrasonic cleaning of various board-shaped 
object articles with one washing station. 
[0010] 

[Embodiment of the lnvention]Hereafter, the ultrasonic cleaner of this invention is explained in 
full detail with reference to drawings. As shown in drawing 2 in drawing 1 , in the penetrant 
remover inside the box-like cleaning tank 4, several tabular many washed objects 5 are 
juxtaposed. Many ultrasonic vibrators 1 are arranged at the interval P in the flat one side face of 
the cleaning tank 4 at array form, and an ultrasonic vibration body is constituted as a whole. 
Wavelength of the supersonic vibration oscillated from each ultrasonic vibrator 1 is set to 
lambda, and if the electrical signal impressed to each ultrasonic vibrator presupposes that it is in 
phase, the expression of relations of P=lambda/sin theta will be materialized between the 
wavelength lambda, and the interval P and the angle theta. The angle theta is an angle of 
inclination of the supersonic vibration to the normal method of the wave receiving surface of the 
washed object 5. This angle of inclination (incidence angle) theta is set as the angle range 
where the transmissivity shown in drawing 7 becomes about 100 [%], and it asks for P 
corresponding to this. The angle of inclination theta is called for theoretically as functions 
(density, acoustic velocity, etc.), such as frequency of the board thickness of the washed object 
5, construction material, and the supersonic vibration irradiated, and an elastic constant of a 
washed object and a penetrant remover, and experimentally, and is called a total penetration 
angle. It is not necessary to coincide the angle of inclination theta with a total penetration angle 
correctly actually, and a desired effect is acquired in a fixed angle range. 

[001 1]lf each ultrasonic vibrator 1 is arranged at intervals of P like drawing 1 and drawing 2 and 
the ultrasonic vibrator 1 is driven, as shown in drawing 2 in the cleaning tank 4, the supersonic 
vibration of the angle of inclination theta will arise, and vibrational energy will be impressed to 
the washed object 5. Since the energy of this supersonic vibration has transmissivity close to 
100 [%], it can be penetrated without decreasing each washed object 5, and can perform all the 
washing of the washed object 5. Of course, washing of the rear surface of the washed object 5 
is possible. What is necessary is to change the interval P and just to arrange the ultrasonic 
vibrator 1 so that the angle of inclination theta corresponding to this may arise when the shape 
of the washed object 5, construction material, etc. change. Since the array of the ultrasonic 
vibrator 1 can be arranged in parallel to the wave receiving surface 8 of the washed object 5 
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unlike the thing of the conventional technology shown in drawing 8 , uniform vibrational energy 
can always be impressed all over the washed object 5, and uniform washing can be performed. 
[001 2]Since the driving signal of the frequency f enters uniformly, without passing a phase 
conversion circuit from the HARASHIN item supply source (not shown) at each aforementioned 
ultrasonic vibrator 1, from each ultrasonic vibrator 1, an elastic wave without phase lag is sent in 
the cleaning tank 4. Drawing 5 and drawing 8 change the phase of the electrical signal 
impressed to each ultrasonic vibrator 1, and show an example of the embodiment which gives a 
phase shift to the ultrasonic wave sent in the cleaning tank 4. By giving a phase shift, to the 
washed object 5, the vibrational energy of an elastic wave is impressed in wavelike, and certain- 
ization of a cleaning effect is attained more. If such a phase conversion circuit is used, the angle 
which made the interval P of the ultrasonic vibrator small and was meant more to high degree of 
accuracy can be irradiated with a directive high ultrasonic wave on the cleaning body surface. 
[0013]As shown in drawing 5, the HARASHIN item of the frequency f is sent from the 
HARASHIN item supply source (figure abbreviation). Between said HARASHIN item supply 
source and each ultrasonic vibrator 1 provided in the cleaning tank 4, the phase conversion 
circuit 6 for ultrasonic wave generations is interposed. This phase conversion circuit 6 for 
ultrasonic wave generations has the function to produce a gap of phase deltat and to impress a 
driving signal to each ultrasonic vibrator 1, to the HARASHIN item. As shown in drawing 5 and 
drawing 8 , the HARASHIN item of deltat=0 is inputted into the ultrasonic vibrator 1 of ** as a 
driving signal as it is, and the driving signal which carried out the phase shift only of the 
deltat^deltat is inputted into the ultrasonic vibrator 1 of**. The driving signal which shifted only 

deltat 3 =3deltat to the ultrasonic vibrator 1 of deltat 2 =2deltat and ** is similarly sent to the 

ultrasonic vibrator 1 of **. of course, ultrasonic vibrators 1 other than a graphic display -- one by 
one — deltat 4 and deltat 5 ~ the driving signal which carried out the phase shift only of ... is 

inputted. Phase shifting amount deltat is expressed as deltat=(P/V) andsintheta using P of the 
array pitch of each ultrasonic vibrator 1 , and the acoustic velocity V of a penetrant remover. 
From each ultrasonic vibrator 1, the elastic wave of the supersonic vibration by which phase 
adjustment was carried out is emitted with the angle of gradient theta by the above, and is 
impressed to the washed object 5. 

[00 14] Drawing 3 shows another embodiment of this invention. The cleaning tank 4 of this 
example uses the side face plate of thickness d as the diaphragm 3. The oscillation element 2 is 
attached on the diaphragm 3, and the ultrasonic vibration body is constituted as a whole. If the 
oscillation element 2 vibrates on the diaphragm 3, to the diaphragm 3, the leaky wave 7 of the 
phase velocity v will excite. This leaky wave 7 (for example, disclosure Lamb wave) generates 
the elastic wave of the supersonic vibration of the angle of inclination theta in the tub of the 
cleaning tank 4. When acoustic velocity of the supersonic vibration which spreads the inside of 
a penetrant remover is set to V, the phase velocity v of said leaky wave is called for by 
v=V/sintheta. Therefore, what is necessary is just to decide the oscillating condition of the 
oscillation element 2 which excites the leaky wave of the desired phase velocity v according to 
the angle of inclination theta which sets transmissivity of the vibrational energy to the washed 
object 5 to about 100 [%]. The almost same effect as a precedent can be achieved also with the 
washing station of this example. 

[0015]Drawsng 4 is an application of the embodiment shown in drawing 3. In this example, the 
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diaphragm 3a is arranged inside the cleaning tank 4, and the oscillation element 2 is connected 
with this. In this case, the washed object 5 is arranged on both sides of the diaphragm 3a at 
both sides. Also in this example, the leaky wave 7 occurs in the diaphragm 3a, the elastic wave 
of supersonic vibration is emitted with the angle of inclination theta from the both sides, and the 
washed object 5 of both sides can be washed uniformly. Here, although the diaphragm has 
taken the cantilever structure by the oscillation element of a piece, it is already providing the 
oscillation element of a piece in the confrontation of a diaphragm, and also it becomes possible 
to add a uniform and powerful ultrasonic wave to a washed object. 
[0016] 

[Effect of the lnvention]1) according to the ultrasonic cleaner of this invention according to claim 
1, the elastic wave of the transmissivity 100 [ about ] [%] is impressed to a washed object with 
the angle of inclination theta by arranging an ultrasonic vibrator by interval P=lambda/sin theta 
to array form in a cleaning tank -- many ~ the surface of the washed object of several sheets is 
certainly and fully washed. A washed object can be approached, and a washed object can be 
uniformly irradiated with an ultrasonic wave with a frequency of not less than several MHz, and 
improvement in a washing degree can be aimed at. 

2) According to claim 2 and the ultrasonic cleaner according to claim 3 of this invention, since 
phase adjustment of the elastic wave emitted from each ultrasonic vibrator is carried out, 
positive washing is performed. 

3) According to the ultrasonic cleaner of this invention according to claim 4, the leaky wave of 
phase velocity v=V/sintheta is excited to the vibration body provided in the cleaning tank, 
entering the elastic wave of the angle of inclination theta into a washed object from this leaky 
wave, and setting up the angle of inclination theta near the total penetration angle of the 
transmissivity 100 [ about ] [%] -- many -- the washed object of several sheets is certainly and 
fully washed. 

4) According to the ultrasonic cleaner of this invention according to claim 5, more nearly 
equivalent and efficient washing is performed by putting in a vibration body in a cleaning tank 
directly. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The perspective view showing the ultrasonic vibrator arranged on the side of a box- 
like cleaning tank at array form. 

[Drawing 2]T he mimetic diagram showing the propagation state of the supersonic vibration in 

drawing 1. 

[Drawing 3]The mimetic diagram showing the state of providing a diaphragm and an oscillation 
element in the side of a cleaning tank, exciting a leaky wave, and making supersonic vibration 
spreading in a tub. 

[Drawing 4] The mimetic diagram showing the embodiment which has arranged the diaphragm in 
drawing 3 in a cleaning tank, 

[D raw i ng 5 ]T h e lineblock diagram for changing into the driving signal which carried out the 
phase shift of the HARASHIN item of the frequency f to the ultrasonic vibrator, and making it 
input into each ultrasonic vibrator. 

[Drawing 6]The wave form chart showing an example of the driving signal in drawing 5 which 
carried out the phase shift. 

[Drawing 7]T he diagram showing the relation of the angle of inclination of supersonic vibration 
and transmissivity which are irradiated by the washed object. 

[Drawing 8]The sectional view showing an example of the cleaning method using the 
conventional angle of inclination theta. 

[Drawing 9]The mimetic diagram showing the conventional cleaning method. 
[Drawing 10] The mimetic diagram showing the conventional cleaning method. 
[Description of Notations] 

1 Ultrasonic vibrator 

2 Oscillation element 

3 Diaphragm 
3a Diaphragm 

4 Cleaning tank 

5 Washed object 

6 The phase conversion circuit for ultrasonic wave generations 

7 Leaky wave 

8 Wave receiving surface 
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9 Ultrasonic oscillation object 

[Translation done.] 
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